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Title of the invention 

LOGIC CIRCUITS FOR PERFORMING THRESHOLD FUNCTIONS 

Reference to Related Application 

The present application claims priority under 35 U.S.C. 1 19 to U.S. Provisional Patent 
Application No. 60/ 446,433, which is hereby incorporated by reference. 

Field of the invention 

The present invention relates to logic circuits for performing threshold functions using 
inverting gates. 

Background of the invention 

It is known in digital electronics that threshold functions find many applications 
including parallel counters. It is also known that in static cmos circuits inverting gates 
are both fast and have small silicon area. 

In the following + denotes logical OR, proximity denotes Logical AND, c denotes 
complement. A logical function with n inputs and one output, which is high if at least k 
of the n inputs are high, will be denoted by [n,k]. These functions are also known as 
threshold functions. It is also known that if the inputs to [n,k] are inverted, denoted 
Jnjc], and the output is also inverted the resulting function is the threshold function [n,n- 
k+1]. In the notation this can be stated as 
Jnjc] c = [n,n-k+l]. 
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It is known that for parallel counters the threshold functions [4,1], [4,2], [4,3], and [4,4] 
need to be implemented. A prior art method is shown in figure 1 . The drawback of this 
implementation is that none of the gates is an inverting gate. Each gate in the 
implementation being an AND gate or an OR gate. 

Summary of the invention 

A first aspect of the present invention provides a logic circuit for generating four binary 
outputs as four threshold functions of four binary inputs to the logic circuit, the 
threshold functions comprising a first threshold function which is high if at least one of 
the binary inputs is high, a second threshold function which is high if at least two of the 
binary inputs are high, a third threshold function which is high if at least three of the 
binary inputs are high, and a fourth threshold function which is high if all of the binary 
inputs are high, the logic circuit comprising first level logic comprising two logic parts, 
each logic part comprising a NOR gate and a NAND gate and having two first level 
inputs for receiving the binary inputs and two first level outputs; and second level logic 
comprising four second level outputs, four second level inputs for receiving second 
level binary inputs and connected to the four first level outputs, a NAND gate, a first 
gate generating a logical OR combination of two second level binary inputs and NAND 
combining the logical OR combination with two other second level binary inputs, a 
second gate generating logical OR combinations of two pairs of second level binary 
inputs and NAND combining the logical OR combinations, and a NOR gate; wherein 
one of said four binary outputs is generated at each of said four outputs. 

In one embodiment the first gate comprises an OAI21 1 gate. In another embodiment the 
second gate comprises an OAI22 gate. The logic circuit can be incorporated in a parallel 
counter. 
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Another aspect of the present invention provides a logic circuit for generating four 
binary outputs as four threshold functions of four binary inputs to the logic circuit, the 
threshold functions comprising a first threshold function which is high if at least one of 
the binary inputs is high, a second threshold function which is high if at least two of the 
binary inputs are high, a third threshold function which is high if at least three of the 
binary inputs are high, and a fourth threshold function which is high if all of the binary 
inputs are high, the logic circuit comprising first level logic comprising two logic parts, 
each logic part comprising a NOR gate and a NAND gate and having two first level 
inputs for receiving the binary inputs and two first level outputs; and second level logic 
comprising four second level outputs, four second level inputs for receiving second 
level binary inputs and connected to the four first level outputs, a NAND gate, a first 
gate generating logical AND combinations of two pairs of second level binary inputs 
and NOR combining the logical AND combinations, a second gate generating logical 
OR combinations of two pairs of second level binary inputs and NAND combining the 
logical OR combinations, and a NOR gate; wherein one of said four binary outputs is 
generated at each of said four outputs. 

In one embodiment the first gate comprises an AOI22 gate. In another embodiment the 
second gate comprises an OAI22 gate. The logic circuit can be incorporated in a parallel 
counter. 

Another aspect of the present invention provides a logic circuit for generating three 
binary outputs as three threshold functions of binary inputs to the logic circuit, the 
threshold functions comprising a first threshold function which is high if at least one of 
the binary inputs is high, a second threshold function which is high if at least two of the 
binary inputs are high, and a third threshold function which is high if all of the binary 
inputs are high, the logic circuit comprising first level logic comprising two logic parts, 
a first logic part comprising a NOR gate and a NAND gate and having two first level 
inputs for receiving two of the binary inputs and two first level outputs, and a second 
logic part comprising an inverter having one first level logic input for receiving one of 
the binary inputs and one first level output; and second level logic comprising three 
second level outputs, and three second level inputs for receiving second level binary 
inputs and connected to the three first level outputs, a NAND gate, a gate generating a 
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logical AND combination of two second level binary inputs and NOR combining the 
logical AND combination with one other second level binary input, and a NOR gate; 
wherein one of said three binary outputs is generated at each of said three outputs. 

In one embodiment the first gate comprises an AOI21 gate. The logic circuit can be 
incorporated in a parallel counter. 

Another aspect of the present invention provides a logic circuit for generating three 
binary outputs as three threshold functions of binary inputs to the logic circuit, the 
threshold functions comprising a first threshold function which is high if at least one of 
the binary inputs is high, a second threshold function which is high if at least two of the 
binary inputs are high, and a third threshold function which is high if all of the binary 
inputs are high, the logic circuit comprising first level logic comprising two logic parts, 
a first logic part comprising a NOR gate and a NAND gate and having two first level 
inputs for receiving two of the binary inputs and two first level outputs, and a second 
logic part comprising an inverter having one first level logic input for receiving one of 
the binary inputs and one first level output; and second level logic comprising three 
second level outputs, and three second level inputs for receiving second level binary 
inputs and connected to the three first level outputs, a NAND gate, a gate generating a 
logical OR combination of two second level binary inputs and NAND combining the 
logical OR combination with one other second level binary input, and a NOR gate; 
wherein one of said three binary outputs is generated at each of said three outputs. 

In one embodiment the first gate comprises an OAI21 gate. The logic circuit can be 
incorporated in a parallel counter. 

Another aspect of the present invention provides a logic circuit having seven binary 
inputs, the logic circuit comprising first logic for generating a first binary value as a 
threshold function which is high if at least four binary inputs are high, a second binary 
value as a threshold function which is high if less than two binary inputs are high, and a 
third binary value as a threshold function which is high if less than six binary inputs are 
high; and second logic for forming the OR combination of the first binary value and the 
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second binary value and for NAND combining the third binary value and the result of 
the OR combination. 

In one embodiment the second logic comprises an inverting gate such as an OAI21 gate. 

Another aspect of the present invention provides a logic circuit having seven binary 
inputs, the logic circuit comprising first logic for generating a first binary value as a 
threshold function which is high if at least four binary inputs are high, a second binary 
value as a threshold function which is high if less than two binary inputs are high, and a 
third binary value as a threshold function which is high if less than six binary inputs are 
high; and an inverting multiplexer to select and output the inverse of the second or third 
binary value dependant upon the first binary value. 

In one embodiment of these two aspects of the invention, the first binary logic 
comprises four first logic parts having four of the binary inputs for generating a fourth 
binary value as a threshold function which is high if at least one of the four binary 
inputs is high, a fifth binary value as a threshold function which is high if at least two of 
the four binary inputs are high, a sixth binary value as a threshold function which is 
high if at least three of the four binary inputs are high, and a seventh binary value as a 
threshold function which is high if all of the four binary inputs are high; three second 
logic parts having three of the binary inputs for generating an eighth binary value as a 
threshold function which is high if at least one of the three binary inputs is high, a ninth 
binary value as a threshold function which is high if at least two of the three binary 
inputs are high, and a tenth binary value as a threshold function which is high if all of 
the three binary inputs are high; first combining logic for combining the fourth binary 
value, the fifth binary value, the eighth binary value, and the ninth binary value to 
generate the second binary value; and second combining logic for combining the sixth 
binary value, the seventh binary value, the ninth binary value, and the tenth binary value 
to generate the third binary value. 

In one embodiment the first combining logic comprises logic for logically AND 
combining the fourth binary value and the eighth binary value, and for logically NOR 
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combining the fifth binary value, the ninth binary value, and the results of the logical 
combination. 

In one embodiment the first combining logic comprises an inverting gate such as an 
AOI211 gate. 

In one embodiment the first combining logic comprises logic for logically OR 
combining the fifth binary value and the eighth binary value, and for logically OR 
combining the fourth binary value, the ninth binary value, and for logically NAND 
combining the results of the logical combinations. 

In one embodiment the first combining logic comprises an inverting gate such as an 
OAI22 gate. 

In one embodiment the second combining logic comprises logic for logically AND 
combining the sixth binary value and the tenth binary value, for logically AND 
combining the seventh binary value and the ninth binary value, and for logically NOR 
combining the results of the logical combinations. 

In one embodiment the first combining logic comprises an inverting gate such as an 
AOI22 gate. 

The logic of the present invention can comprise any suitable logic for performing the 
functions. 

Brief description of the drawings 

Figure 1 is a schematic diagram of a logic circuit for performing the functions [4,1], 
[4,2], [4,3], and [4,4] in accordance with the prior art: 

Figure 2 is a schematic diagram of a logic circuit in accordance with a first embodiment 
of the present invention; 
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Figure 3 is a schematic diagram of a logic circuit in accordance with a second 
embodiment of the present invention; 

Figure 4 is a schematic diagram of a logic circuit in accordance with a third 
embodiment of the present invention; 

Figure 5 is a schematic diagram of a logic circuit in accordance with a fourth 
embodiment of the present invention; 

Figure 6 is a schematic diagram of a logic circuit in accordance with a fifth embodiment 
of the present invention; 

Figure 7 is a schematic diagram of a logic circuit in accordance with a sixth 
embodiment of the present invention; 

Figure 8 is a schematic diagram of a logic circuit in accordance with a seventh 
embodiment of the present invention; and 

Figure 9 is a schematic diagram of a logic circuit in accordance with an eighth 
embodiment of the present invention. 

Detailed description of embodiments of the invention 

In the first embodiment of the present invention, it is noted that each of the functions 
[4,1], [4,2], [4,3], and [4,4] can be computed with at most two inverting gate delays. 
Referring to figure 2, the logic module has four inputs XI, X2, X3, X4 and four outputs 
[4,1], [4,2], [4,3], and [4,4]. The outputs [4,i] are high if at least i of the inputs are high. 
The logic module is partitioned into two levels. A first level is partitioned into two parts 
1 and 2. Each part 1 and 2 has two inputs and two outputs. The logic in each part 
comprises a NOR gate and a NAND gate. A second level has as inputs the four outputs 
of first level and comprises a NAND gate, an OAI21 1 gate 3, an OAI22 gate 4, and a 
NOR gate. 
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It is known in digital electronics that OAI21 1 gates, implementing logic function 
((A+B)CD) C are not very efficient. The inventors have observed that [4,2] = [4*3]° = 
(RJJoI^i+RZloI^Ili) 0 = ([2 ) 2]o c [2,l] 1 c -h[2,l]o c [2 5 2] 1 c ) c . Thus a second embodiment 
of the present invention is illustrated in figure 3. The logic module has four inputs XI, 
X2, X3, X4 and four outputs [4,1], [4,2], [4,3], and [4,4]. The outputs [4,i] are high if at 
least i of the inputs are high. The logic module is partitioned into two levels. A first 
level is partitioned into two parts 5 and 6. Each part 5 and 6 has two inputs and consists 
of a NOR gate and a NAND gate. A second level has as inputs the four outputs of first 
level and consists of a NAND gate, an AOI22 gate 7, an OAI22 gate 8, and a NOR gate. 

A third embodiment of the present invention will now be described with reference to 
figure 4. It is known that for parallel counters the threshold functions [3,1], [3,2], and 
[3,3] need to be implemented. Figure 4 illustrates a logic module having three inputs 
X5, X6, X7 and three outputs [3,1], [3,2], and [3,3]. The outputs [3,i] are high if at least 
i of the inputs are high. The logic module is partitioned into two levels. A first level is 
partitioned into two parts. A first part 9 has two inputs and consists of a NOR gate and a 
NAND gate. A second part has one input and consisting of an inverter. A second level 
has as inputs the three outputs of first level and consists of NAND gate, AOI21 gate 10, 
and NOR gate. 

It is known in digital electronics that AOI21 gates, implementing logic function 
(AB+C) C are less efficient than OAI21gate which implement logic function ((A+B)C)°. 
Thus figure 5 illustrates a fourth embodiment of the present invention. As can be seen in 
figure 5, the logic module has three inputs X5, X6, X7 and three outputs [3,1], [3,2], 
and [3,3]. The outputs [3,i] are high if at least i of the inputs are high. The logic module 
is partitioned into two levels. A first level is partitioned into two parts. A first part 1 1 
has two inputs and consists of a NOR gate and a NAND gate. A second part has one 
input and consists of an inverter. A second level has as inputs the three outputs of first 
level and consists of NAND gate, OAI21 gate 12, and NOR gate. 

Threshold functions find applications in parallel counters. It is known that the most 
significant bit S3 of a 7 to 3 (7,3)-counter is high if at least four of the seven inputs are 
high, that is [7,4] is high. It is also known that the bit of one less significance, S2 has 
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logical equation [7,4] c [7,2]+[7,6]. The inventors have observed that since both [7,4] and 
[7,4] c are required, an extra inverter delay is introduced. In a fifth embodiment of the 
present invention, this drawback is overcome by combining the functions [7,4], [7,2] c , 
and [7,6] c using a single inverting gate, OAI21 = (([7,4]+[7,2] c )[7,6] c ) c to form S2 and 
so an inverter is not needed to form [7,4]°. Referring to figure 6, a (7,3) Parallel counter 
comprises three logic modules 13, 14 and 15 to form threshold functions [7,4], [7,2] c 
and [7,6] c and a single inverting gate 16 to form the combination (([7,4]+[7,2] c )[7,6] c ) c 
of the three logic functions to form S2. 

The inventors have observed that the two functions [7,2] c and [7,6]° can be formed from 
the functions [4,1], [4,2], [4,3], and [4,4] and [3,1], [3,2], and [3,3] using a single 
inverting gate for each function, AOI21 1 for [7,2] c and AOI22 for [7,6]° as shown in 
figure 6 using the relationships: 

[7,2] C = ([4,1][3,1]+[4,2H3,2]) C 
[7,6] c =([4,3][3,3]-f[4,4][3,2]) c 

The inventors have further observed that AOI21 1 gates are not very efficient. The 
inventors have overcome this in a sixth embodiment of the present invention using the 
following relationships: 

[7,2] C = (([7,2] C ) C ) C =(IL6] C ) C 

K( r43ir33] + r4,4ir3.21^ = 
(([4,2M3,1])([4,1]+[3,2])) C 

Figure 7 illustrates the sixth embodiment of the present invention. The logic 18 for the 
generation of [7,2]° has as inputs [4,1], [4,2], [3,1] and [3,2] and one output indicating 
less than 2 of the inputs are high. The logic comprises a single inverting gate OAI22 20 
for implementing the logic equation (([4,2]+[3,l])([4,l]+[3,2])) c 

The inventors have also observed that inverting multiplexers are fast devices in static 
cmos. Figures 8 and 9 illustrate seventh and eighth embodiments of the present 
invention. A (7,3) parallel counter comprises logic 21, 22a or 22b and 23 to form 
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threshold functions [7,4], [7,2] c and [7,6] c , and an inverting multiplexer to form the 
combination ([7,4] c [7,2] c +[7,4][7,6] c ) c of the three logic functions to form S2. In the 
embodiment of figure 8 the logic 22a to form the function [7,2] c is the same as the fifth 
embodiment and in figure 9 the logic 22b to form the function [7,2] c is the same as the 
sixth embodiment. 

An aspect of the present invention includes a logic circuit for generating four binary 
outputs as four threshold functions of four binary inputs to the logic circuit, the 
threshold functions comprising a first threshold function which is high if at least one of 
the binary inputs is high, a second threshold function which is high if at least two of the 
binary inputs are high, a third threshold function which is high if at least three of the 
binary inputs are high, and a fourth threshold function which is high if all of the binary 
inputs are high, the logic circuit comprising first level logic comprising two logic parts, 
each logic part comprising a NOR gate and a NAND gate and having two first level 
inputs for receiving the binary inputs and two first level outputs; and second level logic 
comprising four second level outputs, four second level inputs for receiving second 
level binary inputs and connected to the four first level outputs, a NAND gate, a first 
gate generating a logical OR combination of two second level binary inputs and NAND 
combining the logical OR combination with two other second level binary inputs, a 
second gate generating logical OR combinations of two pairs of second level binary 
inputs and NAND combining the logical OR combinations, and a NOR gate; wherein 
one of said four binary outputs is generated at each of said four outputs. 

Although the present invention has been described with reference to specific 
embodiments, it will be apparent to a skilled person in the art that modifications lie 
within the spirit and scope of the present invention. 



